ABSTRACT | For composite resins to obtain good properties, they must present a high degree of conversion and minimal polymerization contraction. To minimize this contraction, alternative photoactivation techniques have been suggested. The objective of this study was to compare the hardness of a photoactivated composite resin using the pulse-delay, soft start and conventional techniques, in thicknesses of 1, 2 and 3 mm in the irradiated surface and in the opposite surface. Photoactivation was performed with halogen light for 20 seconds in the conventional and soft start techniques. In the pulse--delay technique, each increment of 1 mm was photoactivated for 3 seconds with a final photoactivation of 40 seconds. The samples were stored in an oven at 37°C for one week and submitted to the Vickers microhardness test. The results were submitted to ANOVA and the Tukey's test with a level of significance of 5%. It was concluded that the hardness was higher with photoactivation of 40 seconds, and for the techniques that had the photoactivation time of 20 seconds (conventional and soft start), there was no difference in terms of hardness. Therefore, the hardness is not influenced by the technique, but rather, by the polymerization time.
INTRODUCTION
Composite resins have been widely used in dental clinics, as the main material for direct esthetic restorations in a wide range of dental procedures, as a luting agent for indirect restorations.
The activation of the polymerization process can be induced by heat, chemical reaction, or photochemical reaction. The system of photoactivation by visible light is the most common in today's composite resins, and has the advantage of enabling greater control of the work time, but the profound limitation of light penetration requires it to be inserted into the cavity in incremental stages. 1 Photopolymerization composite resins contain a photoinitiator, of which camphorquinone is the most common, which when activated by blue light, transforms into a free radical that breaks the carbon double bonds of the monomers present in the matrix, initiating the polymerization process. 1 The higher the proportion of monomers that converts into polymers, the higher the degree of conversion, and consequently, the better the mechanical and biological properties of the resin. The hardness is directly correlated with the degree of conversion, and can be used as a method to determine the degree of polymerization of resins. [2] [3] [4] A high degree of conversion is important to achieve good properties in the material. This conversion percentage also influences the contraction of polymerization of the resin, which is one of the main problems associated with this material, as it leads to the formation of tensions on the interface between the tooth and the restoration. These tensions can result in postoperative sensitivity, marginal infiltration, and cracks in the tooth enamel.
In an attempt to minimize the effects caused by the contraction of polymerization, some alternative photoactivation techniques (pulse-delay and soft start) have been suggested. This way, considering the constant development of dental materials and the improvement of techniques for evaluation of their properties, studies are always necessary to consolidate new concepts and assess their likely clinical performance, studying possible alternatives to improve them. The objective of these techniques is to release the tensions caused by contraction on the free surface. [5] [6] [7] The techniques used in this study were the soft start, pulse-delay and continuous conventional techniques. The soft start technique has low initial intensity in the first few seconds, followed by full intensity. 8 The pulse-delay technique begins with slow polymerization, unleashed after an initial pulse, followed by a waiting period, before final activation with high intensity to complete the polymerization. [9] [10] 
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The composite resin polymerization process occurs by the conversion of molecules of monomers in a polymer chain, accompanied by the connection of these molecules, occupying a small volume than at the start. This reduction in total volume of the material is known as polymerization contraction.
Although composite resin is considered the best material for direct esthetic restorations, polymerization contraction is one of the factors that most contributes to the failure of the restorations, [16] [17] [18] [19] as polymerization contraction of a composite resin generates tensions and deformities in the interface between the tooth and the restoration. [20] [21] According to Ferracane and Mitchem 20 the low contraction of a composite resin promotes the lowest stress on the interfacial bond, and this resulted in a smaller marginal gap formation and lower leakage.
In order to control the stresses generated by polymerization contraction, other photoactivation techniques, like the soft start, ramp, pulse, and pulse-delay techniques, are suggested. 7, 18, [21] [22] [23] These techniques all use low-intensity initial radiation, thereby reducing the speed of reaction of conversion of monomers into polymers. The reaction takes place slowly, reducing stresses through the flow of molecules on the non-adherent surface during the pre-gel phase. The idea is that maximum flow will occur before a high intensity light can be used to complete the polymerization reaction. Various authors have reported on the efficacy of soft start photoactivation or pulse-delay methods in reducing contraction tension of composite resins. 7, 18, [21] [22] [23] In this study, the pulse-delay and soft start techniques were used. In the pulse-delay technique, after an initial pulse, which unleashes the polymerization;
this is followed by a delay, so that polymerization occurs very slowly, then a high-intensity final activation is carried out. 7, [9] [10] In the soft start technique, photoactivation is initiated with several seconds of low irradiance, passing immediately to maximum irradiance (6000 J). 7, 18, 21 The results of this study showed that the groups presented the same hardness on the irradiated surface, except for the pulse--delay groups, which present higher values. This variation may be related to the higher total quantity of energy emitted in the pulse-delay method (21500 to 24500 J), while the soft start technique presented 6000 J, and the conventional technique presented 10000 J.
Witzel et al. 23 and Cunha et al. 24 compared four methods of photoactivation (continuous conventional light, soft start, and two forms of activation 
